Area 17 in the neonate of numerous species receives projections from cortical areas that do not project to area 17 in the adult. Numerous neural circuits are formed in early development that do not persist in the adult (1, 2). This is also true for corticocortical connections. For instance, in many species area 17, which is largely devoid of interhemispheric connections in the adult, has such connections in the newborn (3-8). Transient corticocortical connections are not limited to connections between the hemispheres. In the newborn kitten, area 17 receives transient projections from auditory, somatosensory, and motor cortices (9-12). Similar ipsilateral connections have been reported also in immature rodents (13 
tracers in area 17 of newborn monkeys (Macaca irus) and examined the areal distribution of labeled neurons. Neurons projecting to area 17 were found to be restricted to those cortical regions that project to area 17 in the adult. The projection to area 17 in the neonate did appear to be very different in that in the superior temporal sulcus there was a large contingent of labeled neurons in supragranular layers. This constitutes a transient projection because in the adult area 17 projecting neurons in this cortical region originate almost exclusively from infragranular layers. To test if a change in the laminar distribution of area 17 projecting neurons in extrastriate cortex is a general feature of postnatal development, we have computed in neonates and adults the proportion of area 17 afferent neurons in infra-and supragranular layers for each cortical region that projects to area 17. This revealed (i) that in the adult the laminar distribution of area 17 afferents is characteristic for each cortical area and (ii) that this distribution emerges during development from an immature state in which labeled neurons are more numerous in supragranular layers. These results show that there is an extensive remodeling ofthe neuronal circuitry connecting visual cortical areas during postnatal development in the monkey and that the transient connectivity of primate area 17 is very different from that observed in other mammalian species.
Numerous neural circuits are formed in early development that do not persist in the adult (1, 2) . This is also true for corticocortical connections. For instance, in many species area 17 , which is largely devoid of interhemispheric connections in the adult, has such connections in the newborn (3) (4) (5) (6) (7) (8) . Transient corticocortical connections are not limited to connections between the hemispheres. In the newborn kitten, area 17 receives transient projections from auditory, somatosensory, and motor cortices (9) (10) (11) (12) . Similar ipsilateral connections have been reported also in immature rodents (13) .
Although we have no clear indication of the functional significance of transient connections, their ubiquity and the fact that in certain cases they can be made to persist to adulthood by experimental manipulations (14, 15) suggest they may provide an anatomical substrate for neural interactions important for the development of the brain (12) . However, area 17 of the monkey presents a challenge to such a notion because it has an almost complete absence of transient interhemispheric connections both at birth and throughout prenatal life (16) (17) (18) (19) (20) (12) . After blocking, the brains were cut on a freezing microtome (sections were 40 um thick for fluorescent dye experiments and 60 gm thick for HRP histochemistry). The occipital lobe was cut in the horizontal plane, and one in three sections were retained. The thalamus was sectioned coronally, and one in two sections were retained. The procedure for HRP histochemistry (22) and the processing of the fluorescent dye material (23) have been described (12 (16-18, 20, 38) , both hemispheres in each animal were injected in most cases. We were able to extend the number of injections by the simultaneous injection of the two fluorescent dyes separated by 3-6 mm. Therefore, comparison of the areal location and laminar distribution of retrogradely labeled neurons projecting to area 17 in newborns and adults has been made after a total of nine injections in the neonates and eight injections in the adults.
Abbreviations: FB, fast blue; DY, diamidino yellow; PLG, prelunate gyrus; STS, superior temporal sulcus. *To whom reprint requests should be addressed.
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RESULTS
The pattern of labeling resulting from injection of any of the four tracers used was essentially the same, although fluorescent dyes gave better retrograde labeling in immature tissue. The pattern of cortical labeling was not found to be influenced by the distance of the injection site from the lunate sulcus.
The location of the injection site and the resulting retrograde labeling of a typical fluorescent dye experiment are shown in Fig. 1 . The orientation and location of the injection site are shown in Fig. lA . The pick-up zone as determined by the region of dense coloration surrounding the needle track (25, 39 ) is limited to the cortical gray matter and is restricted to area V1 (Fig. 1B) . The horizontal section in Fig. 1C shows the location of the three major divisions of extrastriate cortex in which the laminar distribution of striate afferent neurons was quantified (see below). The correct location of the injection site in each of the fluorescent dye experiments was confirmed by the fact that labeled neurons in the lateral geniculate nucleus are located at some distance from its medial edge and the posterior pole where the vertical meridian is represented ( Fig. 1D ) (24) . The finding that labeled neurons within the lateral geniculate nucleus are confined to a narrow column spanning all layers indicates that the geniculostriate projection is topographically organized by birth. (25, 39) . In all injections the uptake zone passed through all cortical layers. Surrounding the uptake zone is an "H"-shaped dotted zone In all neonates examined, labeled neurons were rarely found outside those cortical regions that are known to project to area 17 in the adult. We thoroughly examined auditory areas, since in cat (9) (10) (11) (12) there is a transient projection from auditory to visual cortex. In the neonatal monkey, only one or two labeled neurons per animal were found in these cortical regions.
Labeling was extensive in the neonate in those extrastriate cortical regions that are known to project to area 17 in the adult and that include the anterior and posterior banks of the lunate sulcus, the prelunate gyrus, and the posterior bank of STS (25) . In STS of the neonate, the pattern of labeling looked quite different from that observed in the adult. Following area 17 injection in the adult, the vast majority of labeled neurons in STS are located in infragranular layers (25) (26) (27) . In the newborn, a major contingent of striate afferent neurons in STS were located in supragranular layers. This is illustrated by the photomicrographs in Fig. 2 comparing in newborn ( Fig. 2A) and adult (Fig. 2B) the maximum retrograde labeling in supragranular layers in STS after injection of HRP in area 17. Plots of labeled neurons made from the same sections as the photomicrographs are shown in Fig. 2 C and D. The comparison of these plots with the photomicrographs reveals that in the adult the few retrograde labeled neurons found in the supragranular layers are centered above the zone of dense anterograde labeling in layer 4, which in turn is centered with respect to the infragranular labeling. The far more numerous retrograde labeled neurons found in the supragranular layers of the neonate were also centered with respect to the anterograde labeling in layer 4 ( Fig. 2C) , but in the neonate the tangential extent of the supragranular labeling was more extensive than in the adult. The relatively broader tangential extent of labeling in supragranular layers in the neonate was also a common feature of STS labeling following fluorescent dye injections.
The postnatal change in the laminar distribution of labeled neurons in STS that project to area 17 could reflect a general developmental process throughout extrastriate cortex. However, mere inspection of the pattern of cortical labeling in more caudal cortical regions did not allow us to determine if this were the case, since the proportion of labeled neurons in supragranular layers in these regions in the adult was not negligible, making a quantitative estimation necessary. Further, the plane of section varies from section to section not only with respect to the cortical surface but also with respect to each individual layer. One consequence of the width of cortical layers not being constant in adjacent sections is that there are abrupt changes in the numbers of labeled neurons. This becomes clear when the numbers of supra-and infragranular labeled neurons are compared in neighboring sections (Fig. 3) . For instance the section at 3.6 mm in PLG (see below) in the neonate shown in Fig. 3 exhibited similar numbers of supra-and infragranular neurons, whereas the section at 4.2 mm had nearly twice as many labeled neurons in supragranular layers than in infragranular layers. From the above considerations, it became imperative not only to make counts of the number of labeled neurons per section in supraand infragranular layers but also to sample at regular intervals throughout the full extent of the labeling for a given cortical region.
At birth the overall size of the monkey brain is similar to that of the adult, and sulci patterns are fully developed. For the purpose of quantification, extrastriate cortex was divided into three cortical regions: STS, PLG, and the posterior bank of the lunate sulcus (area V2) (Fig. 1C) . In the adult, as one moves rostrally across the cortex from area V2 to STS, the proportion of labeled supragranular layer neurons decreases (see Fig. 3 Right). The In the neonates counts of labeled neurons per section gave profiles similar to those found in the adult (Fig. 3) . In both sets of animals, numbers of labeled neurons dropped off on either side of a maximum. In the neonate the overall width of the distribution was marginally wider in the supragranular layers than in the infragranular layers. Further, in the neonates maximum numbers of labeled neurons were found in supragranular layers. In PLG in the adult, the median value of supragranular labeled neurons was 23.5%, whereas in the neonate it was 63%. Area V2 did not show such a large difference, since the median value in the adult was 52.5% and 68% in the neonate. In STS the median value of labeled neurons in supragranular layers was 5% in the adult and 36% in the neonate. In areas V2, PLG, as well as STS, the proportions of supragranular layer neurons were found to be significantly higher in neonates than in the adults as shown by the Mann-Whitney U test (area V2, P = 0.001; PLG, P < 0.001; STS, P = 0.001).
DISCUSSION
These results show that as maturation proceeds there are changes in the laminar distribution of extrastriate neurons projecting to area 17. Since neuron migration in the monkey cortex terminates 45 days before birth (28) , the postnatal change in the laminar distribution of neurons projecting to area V1 can only be the consequence of either an increase in the numbers of such neurons in infragranular layers or a decrease in their numbers in supragranular layers, or both. It can be argued strongly that in STS the most likely cause of the postnatal change of the laminar distribution of striate afferent neurons is a massive reduction of the projection from supragranular layers. Since the proportion of supragranular layer afferents drops from a median value of 36% in the newborn to 5% in the adult, there is either a 10-fold decrease of supragranular layer afferents or a 10-fold increase in the number of infragranular layer afferents. To distinguish between these two possibilities, it is necessary to estimate the actual numbers of labeled neurons in the two sets of layers after each injection. This is a valid approach because injections were carried out in a stereotypic fashion (see Materials and Methods (18, 19, 29) and its cortical connectivity in the adult (30) . Alternatively, transient auditory-to-visual cortex projections might exist prenatally during the prolonged period of gestation. In the latter case, such connections could not subserve multisensory integration.
The disappearance of large numbers of transient projections from the supragranular layers of STS is part of a developmental process during which an extensive remodeling of ipsilateral cortical connections takes place. This may be a specific primate feature, since such a decrease in the proportion of association corticocortical connections in supragranular layers has not been reported in nonprimates. During postnatal development of the cat there is no comparable overshoot in the proportions of supragranular layer neurons projecting to area 17 (21, 31) . However, in this species the adult pattern of clustering of area 17 neurons projecting to areas V2 and V3 emerges from an immature situation where there is a continuous distribution of these neurons (32, 33) . It remains to be seen in primate whether the clustered distribution of area 17 afferents to STS and V2 (33, 34) also originates from a continuous distribution in early life. The development of the corticocortical pathways in the primate differs from that in other species in its timing. Maturation of cortical projections to area 17 occurs over a longer period and extends to a relatively later stage of development than in other species. For instance, in the kitten, associational cortical pathways are established 5 days or so before birth and appear fully mature 18-20 days after birth, so that their maturation takes about 25 days to complete (31, 32) . In monkey, associational pathways in the visual cortex begin their development 115 days after conception [embryonic day 115 (E115)] (unpublished data) and continue after birth at E165, thereby taking a minimum of 51 days to complete. To compare the relative timing of a developmental process between species, it is necessary to relate the development of each species to a single, meaningful event. Such an event in corticogenesis is provided by the cessation of neuron migration, which in turn reflects such parameters as the thickness of the developing cortex as well as the duration and timing of neuron proliferation. In the kitten, visual cortical pathways have completed their maturation at around the time cortical neurons have terminated their migration at postnatal day 21 (35) . The same pathways in the monkey are only just beginning their development at the cessation of migration at E120 (28) . Comparing the chronologies of corticogenesis in the two species shows that the onset of the formation of cortical connections occurs much later in the primate than in the kitten and therefore 
